Two cases of congenital heart block were studied in which comprehensive serial section study of the conduction systems showed disruption of the penetrating portion of the atrioventricular (A-V) bundle. In one case, the branching portion of the A-V bundle was present together with the bundle branches. In the other case, the branching portion of the A-V bundle and the main left bundle branch were absent. The right bundle branch was interrupted after it gave off a tenuous connection to the septum; it began again, and finally terminated in the myocardium. In the latter case the electrocardiogram showed broad and notched QRS complexes. It is suggested that interruption of the A-V bundle may be related to abnormality in the mitral and tricuspid extensions of the central fibrous body or of the pars membranacea. This malformation of the conduction system is not related to any one type of congenital anomaly.
This 3li-year-old male white infant was apparently well until 23P years of age, when a series of convulsive episodes occurred during a respiratory infection. At this time physical examination revealed the following: the first and second heart sounds were normal; third and fourth heart sounds were prominent but variable; a grade 3/6 harsh systolic murmur was heard at the midand upper left sternal borders, followed by a relatively early, short rough diastolic murmur.
A chest roentgenogram at this time showed the heart to be enlarged (cardiothoracic ratio = 0.75), with normal pulmonary vascular markings.
The electrocardiogram ( fig. 1 ) showed complete heart block with an atrial rate of 100 and a ventricular rate of 42 beats/min. The P waves were broad, tall, and peaked. The QRS duration was 0.14 sec, and the QRS complexes were broad and notched. Cardiac catheterization indicated that there were no intracardiac shunts, and there was a functional systolic gradient of 20 mm Hg across the right ventricular outflow tract.
During the next 18 months the child had a series of Adams-Stokes attacks, usually associated *The clinical aspects of this case have previously been reported. Conduction System. The sinoatrial (SA) node and its approaches were serially sectioned, and every tenth section was retained. The approaches to the A-V node, the A-V node, A-V bundle, and bundle branches up to the level of the muscle of Lancisi (conal papillary muscle) were serially sectioned, and all sections were retained. The remainder of the bundle branches up to the level of the moderator band were serially sectioned, and every tenth section was kept. The remainder of the heart was cut into blocks, and two sections were taken from each block. Where complete serial sections were taken, every fifth section was stained with Weigert-van Gieson and the remainder with hematoxylin-eosin stains. All the other sections were alternately stained with hematoxylin-eosin and Weigert-van Gieson stains. In this manner, 3977 sections were examined. The plane and general method of sectioning have previously been described." with upper respiratory infections. In the absence of respiratory infection the child remained free of attacks despite a bradyeardia-between 28 and 34 beats/min. The Adams-Stokes attacks could be controlled with intravenous or sublingual administration of isoproterenol. The mechanism of the Adams-Stokes attacks was recorded to be paroxysms of ventricular tachycardia and ventricular fibrillation followed by ventricular standstill of short duration.
On the terminal admission the child arrived in a semicomatose state, and shortly thereafter had two prolonged episodes of ventricular fibrillation requiring extemal electrical defibrillation. However, spontaneous ventricular excitation finally failed to return. 10 ), which almost immediately divided into right and left bundle branches ( fig. 11 ).
Bundle Branches. These were both normal throughout their extent.
Fibrous Skeleton. A thick prong of collagenous tissue went from the tricuspid valve to the aneurysm of an aortic sinus of Valsalva,7 and in otherwise normal hearts.8' It is to be noted that both of our cases showed endocardial fibroelastosis. We do not know whether this is in any way related to disruption of the bundle or to a secondary hemodynamic manifestation of congenital A-V block.
It is interesting to speculate as to the cause of the disruption of the A-V bundle. In a previous work we speculated that absence of communication between the atria and the peripheral conduction system was related to abnormality of the formation of the central fibrous body and its extension, the pars membranacea. This may also be true of the disruption of the A-V bundle. We noted, in our present cases, the thickening of the LBBW , It began again, and finally terminated in the myocardium. Thus, the ventricles in case 1 were fundamentally connected to the peripheral portions of both bundle branches and tenuously to the proximal portion of the right bundle branch, with no connections above these points. It is to be noted that the A-V node was connected to atrial musculature in both cases. Thus, these are not cases of absence of communication between the atria and the A-V node-bundle system.'2 Congenital disruption of the A-V bundle is not related to any one congenital malformation of the heart. Thus, it has been described in single ventricle with transposition and pulmonary atresia,' in isolated mixed levocardia with atrial inversion,2 in persistent ostium primum,3 in cor triloculare biventriculare,4 in ventricular septal defect,5 in fibroelastosis,6 in :4: tricuspid extension of the atrioventricular portion of the pars membranacea in one case and of the fibrous bulge of the pars membranacea in the second case. Whereas abnormalities in the aortic extension of the central fibrous body may be responsible for destruction of the communications between the atria and the A-V node, abnormalities in the mitral or tricuspid extensions of the central fibrous body or of the pars membranacea may be responsible for destruction of the A-V bundle.
Certain pathologic findings warrant discussion. The conversion of the A-V bundle and left bundle branch in case 1 and of the penetrating portion of the A-V bundle in case 2 into a space containing strands of collagenous and elastic tissue are surprising findings until one recalls the anatomy of these structures. These structures are normally surrounded by a space or bursa lined by a sheath, which was described by Curran13 and Lhamon.14 It is, therefore, understandable Circulation, Volume XLIII, May 1971 that destruction of parenchyma in these areas may leave spaces with widely scattered linear formations of elastic and collagenous tissue. The occurrence of these linear formations separated by spaces in the left bundle branch in acquired heart disease was depicted by Lenegre.15 Why there should not be proliferation of connective tissue to fill this space is not known. The presence of small calcific deposits in the summit of the ventricular septum and the pars membranacea in both cases is, in our opinion, not related to an old myocarditis. The presence of scattered neutrophils and mononuclear cells in the myocardium in case 1, and in the myocardium and conduction system in case 2, are insufficient for a diagnosis of a residue of an old myocarditis as being responsible for the destruction of the conduction system and the deposition of calcium in both cases, for there is no increase in connective tissue in the myocardium of the atria and ventricles in these cases. We, therefore, suggest that the presence of calcium is related to degenerative changes in the abnormally formed fibrous skeleton at the summit of the ventricular septum. We do not know the significance of this slight infiltration of cells in both cases and of the focal necrosis in case 1.
From a clinical viewpoint, the block in case 1 showed a "ventricular" rather than a "esupraventricular" origin of the ventricular pacemaker. Conventional electrocardiographic analysis indicates complete atrioventricular block with a pattern of left bundle-branch block (fig. 1 ). The pattern could represent bilateral bundle-branch block or block at the bundle of His, with various degrees of delay along the bundle branches.16 17 Either interpretation is in keeping with the anatomic findings.
However, the analysis of the standard body surface electrocardiogram leads do not provide information necessary for direct delineation of the site of block, since they provide little information concerning the activity of specialized cardiac tissue responsible for the orderly distribution and propagation of the impulse. Direct intracardiac catheter electro-cardiogram recording can provide information concerning the activity of these specialized tissues and can also localize the site of block. This is accomplished by first determining the timing of the usual atrial-to-His and His-toventricular conduction, and then determining orthograde versus retrograde bundle-branch conduction by means of ventricular pacing. Furthermore, the use of pharmacologic agents, such as isoproterenol and glucagon, provides clues as to whether the block is due to organic discontinuity or to just functional delay of the conducting system. The method and safety of these procedures are now well known.1820 In patients with congenital complete heart block, abnormally wide QRS complexes are less frequently observed and have been considered more ominous than QRS complexes of normal duration.10 M. A. Engle (personal communication), in a large survey study, found abnormally wide QRS patterns in 18 of 128 patients with congenital complete heart block with no associated congenital cardiac malformation. There were 10 patients with left bundle-branch block pattern, six with right bundle-branch block, and two with alternating patterns. Wide QRS complexes were observed more frequently in infants diagnosed as having congenital complete heart block during the first year of life ( 11 of 51), than in infants and children diagnosed after the first year of life (seven of 77).
